Purpose. This study is aimed at determining whether bone mineral density (BMD) values are related to atherogenic indexes (AIs) and could predict the risk of cardiovascular disease (CVD) in southern Taiwanese adults. Methods. Medical records of 3249 adults who underwent health examinations between June 2014 and February 2018 at a regional hospital in southern Taiwan were reviewed. Data collected included health history, anthropomorphic characteristics, exercise habits, diets (vegetarian or nonvegetarian), clinical laboratory results (lipid profile, systemic blood pressure (SBP), glucose level, creatinine (Cre) level, and hemoglobin (Hb) level), and bone mineral density (BMD), which were used to identify the associations of these parameters, especially BMD, with lipid profile and calculated AIs through simple and multiple linear regressions. Results. The mean age of the patients was 58.0 years, and 71.4% were male. Body mass index (BMI), SBP, glucose level, Cre level, Hb level, and all BMD values were positively correlated with triglyceride (TG) level and AIs and were negatively correlated with high-density lipoprotein cholesterol (HDL-C) level. The significant positive correlations of BMD at all the measured sites with AIs remained after adjusting for age, sex, SBP, glucose level, Cre level, Hb level, smoking, exercise habits, and vegetarian state. The expanded adjusting model for TG/HDL-C remained significant at all the BMD measured sites in nonobese men, at bilateral femoral neck and total hips in nonobese women, and at the bilateral total hips in obese women. Conclusions. AIs are predictive markers for CVD, and BMD values are predictors of AIs, especially the novel AI, i.e., TG/HDL-C ratio, in nonobese adult men and women after dividing the patients into subgroups to eliminate the effect of BMI as a confounding factor. Thus, BMD values could predict AIs of CVD, especially in nonobese adults.
Introduction
Family history, age, smoking, hypertension, diabetes mellitus, low physical activity, and obesity are risk factors for coronary artery disease (CAD) [1] . Traditional lipid profile includes triglyceride (TG), total cholesterol (TCH), and low-density lipoprotein cholesterol (LDL-C), which are all atherogenic, and high-density lipoprotein cholesterol (HDL-C), which is cardioprotective [2] [3] [4] . Atherogenic indexes (AIs) are ratios that have atherogenic particles in the numerator and HDL-C in the denominator [5] . The ratios of TCH/HDL-C, LDL-C/HDL-C, and TG/HDL-C (a recent most novel index) could be predictors of CAD risk and extent [1, 5, 6] . Moreover, TCH/HDL-C and LDL-C/HDL-C ratios are useful and simple indexes of ischemic heart disease and cardiovascular disease (CVD) [1, 7, 8] . TG/HDL-C value is found to be a good marker for cardiometabolic risk ratio, and Log(TG/HDL-C) may be a strong marker for predicting the risk of CAD [8, 9] .
Previous studies suggested that atherosclerosis and osteoporosis are linked by common risk factors and pathomechanisms [10] [11] [12] . Atherosclerosis could include calcified, noncalcified, or mixed lesions. Our previous study suggested that bone microarchitecture remodeling becomes more active when early coronary artery calcification (CAC) occurs [13] . A prediction model based on hypertension, hyperlipidemia, TG, and L-spine T-score explained 73.2% of the variance of CAC [14] . Evaluating the correlation between CVD and bone mineral density (BMD) should take their respective factors into consideration. For example, age and menopause act on both in the same direction, whereas body mass index (BMI) acts on them in different directions [15] .
The relationship of BMD and lipid profile, especially AIs, remains to be clearly established. HDL-C is reported to be inversely related to BMD [15] [16] [17] ; however, some studies reported no [18] or positive [19] correlation between HDL-C and BMD. Results of other lipids showed inconsistency [18] [19] [20] [21] [22] [23] . A previous study reported that TCH/HDL-C was positively correlated with both femoral neck BMD and total hip BMD [24] . This finding motivated us to conduct this study. Hence, our study is aimed at clarifying the relationship of BMD with AIs and at identifying whether BMD could be an indirect or direct predictor of CVD.
Materials and Methods
2.1. Subjects. This retrospective study included adults who underwent health examinations between June 2014 and February 2018 at the preventive medical center of a regional teaching hospital in southern Taiwan. Subjects who previously underwent internal fixation or total hip replacement at sites where BMD was measured were excluded. This study was approved by the ethics committee of our institution, who waived the requirement for informed consent from each patient. Questionnaire records included (1) history of hypertension, diabetes mellitus, and hyperlipidemia; (2) history of smoking and drinking; (3) anthropomorphic characteristics (age, sex, and BMI); (4) exercise habit of greater or equal to 3 times a week; and (5) diet habit of vegetarian or nonvegetarian.
BMI was defined as a person's weight in kilograms divided by the square of the person's height in meters (kg/m 2 ). We also divided the population into four subgroups according to sex and obesity status. Classification of nonobese (BMI ≤ 24 9) and obese (BMI ≥ 25 0) subjects was based on the values indicated by the World Health Organization.
Laboratory Data.
The clinical laboratory findings obtained during health examinations included the following: TG, TCH, LDL-C, HDL-C, systolic blood pressure (SBP), glucose level before meal, creatinine (Cre) level, and hemoglobin (Hb) level. The three AIs in this study were TG/HDL-C, TCH/HDL-C, and LDL-C/HDL-C (atherogenic particles in the numerator and HDL-C in the denominator).
Bone Mineral
Density. BMD was assessed by dual-energy X-ray absorptiometry (DXA) using a Discovery Wi DXA system (Hologic Inc.). The areas where BMD was measured included the lumbar spine, the bilateral femoral neck, and the total hip regions. The same densitometer was used for all the patients to ensure accurate comparisons.
Statistical Analysis.
Results were expressed as mean ± standard deviation or number (percentage), as appropriate. Differences in means or frequencies were tested using the chi-square test or t-test, as appropriate. Simple linear regres-sion analysis between the parameters and lipid profile and AIs was performed. Simple linear regression between the possible confounding parameters and BMD values was also analyzed. Multiple linear regression analysis was conducted using BMD values of each measured site as the independent variable and AIs as the dependent variables for three models adjusted for the following: (1) age and sex, (2) BMI, and (3) age, sex, SBP, glucose, Cre, Hb, smoking, exercise, and vegetarian. Further, multiple linear regression analysis of the novel AI (i.e., TG/HDL-C) and BMD values was performed for the subgroups after adjusting for age, SBP, glucose level, Cre level, Hb level, smoking, exercise, and vegetarian. All statistical analyses were performed using PASW Statistics 18 suite (SPSS Inc., Chicago, IL).
Results

Subject Characteristics.
Medical records of 3249 adults were included. The demographic and clinical characteristics of the subjects are presented in Table 1 . The study population was predominantly male (71.4%), with a mean age of 58 0 ± 11 2 years. Analysis of clinical characteristics indicated that 26.9% of the patients had hypertension, 9.6% had diabetes, and 6.9% had hyperlipidemia; moreover, 5.2% were smokers, 42.8% had the habit of exercise, and 42.8% were vegetarians. Significant differences between male and female subjects in smoking, exercise, or diet habits, BMI, SBP, Cre, Hb, TG, TCH, HDL-C, and three calculated AIs were found.
Simple Linear Regression.
The lipid profile and AIs were the dependent variables. Age showed significant negative associations with all the lipid profile parameters, except HDL-C level, which showed no correlation. BMI, glucose level, and Hb level showed significant positive correlations with all the lipid profile parameters, except HDL-C level, which showed a negative association. SBP and Cre level were positively correlated with TG level and the three AIs and were inversely correlated with HDL-C level. Male gender and smoking habit were positively correlated with all lipid profile and AIs. Exercise showed negative correlation with atherogenic lipid profile and AIs. Vegetarian diet had negative relationship with TCH, LDL-C, HDL-C, TCH/HDL-C, and LDL-C/HDL-C ( Table 2 ).
Bone Mineral Density.
Mean lumbar spine BMD values on DXA were 0 988 ± 0 148 g/cm 2 for men, 0 878 ± 0 146 g/cm 2 for women, and 0 957 ± 0 156 g/cm 2 for all patients. Significant differences in BMD values of the lumbar spine, bilateral femoral neck, and total hip regions between males and females were observed (Table 1) .
Moreover, BMD of all the measured sites was significantly positively correlated with TG level and the three AIs and was negatively associated with HDL-C level. All BMD values, except the left femoral neck BMD value, were negatively correlated with TCH level. BMD values at all the sites had no statistically significant relationship with LDL-C levels ( Table 2) .
For all measured sites, elder age and vegetarian had lower BMDs; moreover, male gender, BMI, Cre, Hb, and smoking had positive effect with BMDs. SBP and glucose showed positive correlation with BMD values of lumbar spine and bilateral total hips. Exercise only had significant positive relationship with the left total hip BMD ( Table 3) .
Multiple Linear Regression.
In the analysis of the association of BMD and AIs, multivariate linear regression showed that BMD values at all the regions were positively correlated with AIs in model 1 and model 3 (Table 4 ). However, in model 2 (adjusted for BMI), all BMD values had a positive correlation with TG/HDL-C ratio but had no relationship with LDL-C/HDL-C ratio. In addition, only the total hip BMD values were positively correlated with TCH/HDL-C ratio ( Table 4 ).
Subgroup Characteristics.
Of the 3249 subjects, 1998 were nonobese (women 656 and men 1342) and 1251 were obese (women 273 and men 978). Multiple regression analysis at sites of BMD and AI of TG/HDL-C ratio in subgroups dividing by sex and obesity after adjustment of age, SBP, glucose, Cre, Hb, smoking, habits of exercise, and vegetarian diet showed major significant positive correlations in all regions at male nonobese subgroup, in bilateral femoral neck and total hip regions at female nonobese subgroup, and in bilateral total hip regions of obese females (Table 5 ).
Discussion
Lipid abnormalities, such as elevated TCH and LDL-C levels or low HDL-C level, are related to atherosclerosis [5] , and TCH/HDL-C and LDL-C/HDL-C ratios have been shown to be good predictors of CAD than lipid alone [1, 4, 6] . High TG-low HDL-C dyslipidemia, which is the consequence of abdominal obesity and insulin resistance, is commonly associated with an increased concentration of small, dense LDL particles, which are atherogenic [1] . Although some lipid variables are associated with CAD extent, the TG/HDL-C ratio showed the strongest association with CAD extent [5] . Moreover, a previous study of Chinese patients with type II diabetes with stable CAD demonstrated that elevated TG/HDL-C ratio could also be a useful predictor of future cardiovascular events [25] .
Yamaguchi et al. and Poli et al. found an inverse association between BMD and serum LDL-C levels in postmenopausal women, but somewhat different in the BMD LDL-C/HDL-C 2 8 ± 1 0 2 9 ± 1 0 2 5 ± 0 9 <0.001 L-spine BMD (g/cm 2 ) 0 957 ± 0 156 0 988 ± 0 148 0 878 ± 0 146 <0.001
Right hip neck BMD (g/cm 2 ) 0 710 ± 0 126 0 736 ± 0 122 0 647 ± 0 112 <0.001
Right hip total BMD (g/cm 2 ) 0 820 ± 0 147 0 861 ± 0 133 0 720 ± 0 134 <0.001
Left hip neck BMD (g/cm 2 ) 0 710 ± 0 126 0 735 ± 0 122 0 646 ± 0 112 <0.001
Left hip total BMD (g/cm 2 ) 0 824 ± 0 149 0 865 ± 0 134 0 724 ± 0 136 <0.001
Values in bold represent significant values (p < 0 05). BMI: body mass index; SBP: systolic blood pressure; Cre: creatinine; Hb: hemoglobin; TG: triglyceride; TCH: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. measured sites [18, 19] . However, Adami et al. reported a significant positive association of serum LDL-C levels with BMD in elderly female subjects [20] . Inconsistent findings of the relationship of TCH level with BMD were also reported; moreover, some studies showed no significant correlation [21, 22] . In a South Korean population-based study of subjects aged 19-80 years, TCH and LDL-C levels were inversely associated with BMD in both premenopausal (N = 375) and postmenopausal (N = 355) women [23] . In a 2018 meta-analysis of postmenopausal women, TCH and LDL-C levels were higher in the osteoporosis group than in the normal bone density group [26] . In our study, we showed inverse relationships of TCH level with BMD at some sites (L-spine, right femoral neck, and bilateral total hips); however, no relationship between LDL-C level and BMD was observed.
In a prospective cohort of adults with type 1 diabetes and low-to-normal TG levels, TG at baseline independently predicted CAC progression over 6 years [27] . A previous study also showed that TG levels have a significant positive correlation with BMD values at the trochanter site among postmenopausal Korean women and a negative correlation with lumbar BMD values in the premenopausal Korean women [23] . A study in Saudi Arabia showed that glucose and TG are positively associated with total hip BMD [24] , which is consistent with the findings of a related study in Italy [20] . In our study, which involved Taiwanese adults, TG levels were shown to have a consistent significant positive correlation with BMD values at all the measured sites. Furthermore, our study showed an inverse relationship between HDL-C level and BMD values at all the sites. In contrast, previous studies showed no [18] , positive [19] , or negative [15, 17] relationship in postmenopausal women. Moreover, a negative relationship was noted in healthy women and men after adjusting for weight, height, and fat mass in an Italian study [20] . HDL-C levels were not associated with BMD values at any of the sites in pre-and postmenopausal subjects in a study in Korea [23] . These differences could be attributed to different study populations, age distribution, race, statistical methods, and/or adjustments.
Alissa et al. reported that TCH/HDL-C ratio was positively correlated with both femoral neck BMD and total hip BMD in 180 postmenopausal women recruited from a catheterization laboratory [24] . Adami et al. also reported that LDL-C/HDL-C ratio in women showed significantly positive relationship with BMD values after adjusting for body weight, height, and fat mass [20] . A significant negative relationship was found between whole-body bone mineral content and HDL-C/LDL-C ratio in Chinese men and women [28] . In our study, we expanded the sample size to 3249 Taiwanese adults undergoing health exam, and BMD values at all the measured sites showed significant positive associations with all three AIs (TG/HDL-C, TCH/HDL-C, and LDL-C/HDL-C ratios) in nonadjusted and some adjusted conditions. Log(TG/HDL-C) is a strong marker for the prediction of the risk of atherosclerosis, CAD, and CVD [7] ; reflects the true relationship between protective and atherogenic lipoprotein; and is associated with the size of a pre-and antiatherogenic lipoprotein particles [29] . And it is significantly positively correlated with BMI [7] , so as our AI markers by naive linear regression without log. Similar to another study of HDL-C and BMD [15] , the significant correlation of the novel AI, i.e., TG/HDL-C, with BMD disappeared when the correlative variables of sex and BMI were introduced. Hence, we divided our population into subgroups according to sex and BMI (obesity or nonobesity). After adjusting for age, SBP, glucose level, Cre level, Hb level, smoking, exercise, and vegetarian state, BMD at nonobese adults, except lumbar spines of nonobese women, still showed a significant positive relationship with TG/HDL-C ratio and can predict it. This is the most concrete evidence to support the purpose of our study. Moreover, total hip BMD values also could predict TG/HDL-C in the female obese subgroups. The lack of significance of lumbar spine BMD of nonobese women could be explained by the difficulty in lumbar spine BMD measurement in elderly subjects and the possibility of obtaining higher values owing to degenerative changes, such as aortic calcifications or osteophytes, which could in turn result in a "no association" finding [23] . To determine the true current status and a possible altered physiological condition after treatment, models were adjusted for clinical laboratory data instead of comorbidities.
Factors influencing BMD include age, sex, BMI, smoking, race, glucocorticoids, hyperlipidemia, and diabetes [30, 31] . A strong positive correlation between Cre clearance or Cre and bone mass or BMD values exists [32] . Our study also showed significant linear associations between Cre and TG levels and between Cre and AIs and an inverse correlation between Cre and HDL-C levels. A previous study found partial positive associations between Hb level and BMD in men but negative associations in women [33] , whereas another study showed no relationship [34] . Interestingly, our data showed a significant positive association of Hb level with lipid profile, except HDL-C level, which showed a significant negative relationship, and AIs. Despite inconsistent results in the literature on smoking and BMD [35] , they often showed inverse relationship [36] . Our opposite result (positive relationship) is probably due to the small percentage of smoking and older age of the nonsmoking population (58 4 ± 0 2 vs. 50 8 ± 0 9 years, p < 0 001). Significant high atherogenic indices and proatherogenic lipids (TG, TCH, LDL-C, very LDL-C, and non-HDL-C) were observed in smokers compared to controls [37, 38] . Exercise benefits BMD in premenopausal women [39] and maintains BMD in postmenopausal women [40] . Regular exercise improves HDL-C and decreases TG, TCH, LDL-C, and VLDL [41] . Physical exercise improves not only lipid profile but also AIs [42, 43] . Long-term practitioners of vegan vegetarian were found to being classified as having osteopenia of the femoral neck [44] . Another study showed that the proportion of subjects with osteopenia or osteoporosis also appeared comparable between vegetarians and nonvegetarians of both sex [45] . Vegetarian diets effectively lower blood concentrations of TCH, LDL-C, HDL-C, and non-HDL-C, but vegetarian diets did not significantly affect blood TG concentrations [46] . After adjustment for age, sex, SBP, glucose level, Cre level, Hb level, smoking, exercise, and vegetarian state, BMD values at all the measured sites showed a significant positive correlation with the three AIs.
Bone turnover is not simply regulated by osteoblasts and osteoclasts that produce and resorb bone, respectively. Bone formation involves other more complex elements at the molecular level. Atherosclerosis and vascular calcification are complicated dynamic processes related to the regulation of oxidized lipids, leptin, bone matrix proteins (osteopontin, osteocalcin, and bone morphogenetic protein), calcification inhibitors (osteoprotegerin, matrix Gla protein, and fetuin-A), osteogene expression, and inflammatory cytokines (TNF-α, CRP, and CD40-CD154) [11, 13, [47] [48] [49] [50] . Moreover, exogenous lipids have been implicated in the regulation of osteoblastic differentiation [51, 52] , and the products of cholesterol biosynthetic pathway are important for the proper development of marrow stromal cells. Studies have found that hypercholesterolemia and the resulting deposition and oxidation of lipids in tissues result in atherosclerosis [53] and are related to osteoporotic bone loss [54] . Thus, atherosclerosis is related not only to lipids but also to bone biosynthetic factors.
The conflicting findings between our study and those in some previous studies on the association of low BMD with cardiovascular risk or events [24, 55, 56] could be due to the difference in the interaction of calcified and noncalcified atherosclerosis with lipid pathway and could be because our study sample was composed of mostly normal and asymptomatic adults undergoing a health examination. Trabecular bone score value positively predicted moderate CAC but showed no association with the high CAC group in a previous study [13] . Non-HDL-C, which is a marker of subclinical atherosclerosis, was more strongly associated with CAC than with all other conventional lipid values [57] . Noninvasive methods could determine the presence and extent of CAD, especially by CAC, HDL-C, and TG/HDL-C ratio assays [58] . The use of BMD as a predictor of AIs of CVD is a novel concept.
However, this is a retrospective study and has some limitation. First, we had no information of body fat percent or fat mass, which may be confounding factors on the association between the BMD and AIs. Second, we did not have the medication data either. Lipid-lowering medications, such as statins and fibrates, have some effects on lipid profiles. Especially, statins are thought to have significant effects on both lipid profiles and BMD. However, since the percentage of hyperlipidemia is 6.9% and the population size is 3249 subjects, the possible interference to our result could be eliminated.
Conclusions
AIs are significant predictors of CVD, and BMD values are predictors of AIs. Observation showed significant positive relationships of BMD with the three AIs and especially with the AI of TG/HDL-C in nonobese men (at all the sites), nonobese women (at the femoral neck and total hip), and obese women (at the total hip) after dividing the study subjects into subgroups and after further adjustments to eliminate the effect of BMI as a confounding factor. Thus, BMD values could predict the AIs of CVD, especially in nonobese adults.
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